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[57] ABSTRACT 
- An ionization source comprises a housing de?ning a 
space, a wire extending to the ‘space, a temperature 
control connected to the wire and an alkali metal glass 

407 

bead attached to the wire to be heated by the tempera 
ture control. An ion extraction plate with an ori?ce 
therein covers the space and is insulated from the hous 
ing by an insulating ring. The housing includes a port 
for drawing a vacuum from the space and for leaking 
molecules into the space which are to form quasi ions on 
the glass bead. A focusing plate may also be provided 
over the extraction plate with an aperture lying on an 
ion axis which also extends through the ori?ce for the 
focusing of the ion beam. 

5 Claims, 6 Drawing Figures 

‘ A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like my use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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SURFACE IONIZATION SOURCE 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufac 
tured, used and licensed by or for the Government for 
Governmental purposes without the payment to us of 
any royalties thereon. - 

FIELD AND BACKGROUND OF THE 
' INVENTION 

The present invention relates in general to the ?eld of 
ion generation and in particular to a new and useful 
surface ionization source which is capable of converting 
neutral molecules into ions containing the molecules. 
Many ways are already known for producing gas 

phase ions for analysis by mass spectrometry. The most 
commonly used of these methods are electron impact, in 
which a beam of energetic (typically 70 electron volts) 
electrons is passed through a low pressure (less than 
10-4 torr) of vaporized sample. This was the earliest 
and is still the most widely used method of forming ions 
in commerically produced mass spectrometers. Typi 
cally, the electron impact ionization results in the for 
mation of a large number of fragment ions and in many 
cases does not produce a signi?cant abundance of intact 
molecular ions. The molecular ions are useful because 
they provide information on the molecular weight of of 
the sample molecules. 
The more recent innovation of chemical ionization 

forms ions by means of a gas phase chemical reaction 
between ions produced from a reagent gas, present in 
large excess, and the neutral sample molecules. These 
ions are typically the sample molecule plus one proton, 
and the molecular weight of the original sample can be 
easily deduced by subtracting the mass of a proton, 
namely, 1.0007825, from the measured mass of the 
MH+ ion. 
Many other methods of ionization exist but are less 

commonly used. Among these are ionization by vacuum 
ultraviolet photons, termed photoionization; ionization 
by very high electric ?elds, termed ?eld ionization; and 
ionization by bombardment of the sample upon a solid 
surface with high energy beams of either ionic or neu 
tral particles. 
Mass spectrometers are useful in detecting contami 

nants in the air. One such application is in the field of 
chemical warfare where it is desired to determine 
whether a chemical is present on a battle?eld. The ap~ 
plication of mass spectroscopy however is complicated 
in the environment of a battle?eld which would be 
expected to contain other substances that would not 
normally be found in clean air. 
A man-portable ?eld alarm system for chemical 

agents based on the principle of tandem mass spectrom 
etry or mass spectrometry/mass spectrometry 
(MS/MS) would be very useful if such a device could 
be constructed. Such man-portable ?eld alarm systems 
would be required to detect trace levels of chemical 
agents in the presence of large concentrations of com 
plex interfering substances, such as diesel fuel smoke. 
Based on the results of several space exploration pro 
grams, a single, small, compact, man-portable, battery 
operated mass spectrometer system could easily be pro 
duced that is capable of detecting trace levels of chemi 
cal agents in clean air. However, to detect chemical 
agents in the presence in high concentrations of interfer 
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ing mixtures, a more sophisticated MS/MS system is 
required. 

In an MS/MS detector, the first mass spectrometer 
separates all ions corresponding to the molecular 
weight of the chemical agent from the large variety of 
ions produced from the total mixture of substances in 
the air. A particular mass-selected ion beam is then 
fragmented, and the fragment ions separated according 
to their mass by the second mass spectrometer. Because 
chemical agents have fragmentation patterns different 
from those of common interfering substances, the pres 
ence of fragment ions characteristic of chemical agents 
can be used to detect their presence, even in complex 
mixtures. 

Limitations to the portability of mass spectrometers 
are size, weight, and power consumption. An examina 
tion of commercially available, small mass spectrome~ 
ters, which are principally residual gas analyzers, shows 
that by far the largest single limiting factor is power 
consumption-speci?cally the vacuum system and its 
associated pumps. Conventional vacuum pumps use 
two separate stages of pumping to maintain a vacuum 
against the ambient atmosphere. The ?rst stage is either 
a diffusion pump or a turbomolecular pump. This in 
turn is backed in the second stage by a mechanical vac 
uum pump, usually called a forepump. Even if the _~ 
newer miniature turbomolecular pumps are used, which 
are lightweight and low in power consumption, the 
smallest available mechanical pump will push the power 
requirement for the vacuum pumps alone to well over 
500 watts. Even if the weight of these items could be 
tolerated, 500 watts is well outside the capabilities of 
any man-portable battery pack. 
An alternative vacuum pump, called a triode pump, 

ionizes gas by a continuous DC discharge. Pumping 
occurs by the burial of ions in a titanium cathode as well 
as by chemical reactions of neutral gas‘ molecules with 
sputtered titanium metal. In operation, the power con 
sumed by these pumps is well under 1' watt (this is as 
long as the gas load remains small; otherwise power 
would be 10 to 40 W); the major determinant of their 
power consumption is thus the efficiency of their re 
quired high-voltage power supply. Furthermore, once 
started, these pumps do not require backing by a me 
chanical forepump. 

In use, the entire vacuum system, including the triode 
pump, is evacuated, baked and then sealed off. As long 

> as the gas load on the vacuum system stays within the 

50 

55 

capacity rating of the triode pump, these devices can 
maintain a high vacuum without any mechanical pump 
requirements. Small triode pumps suitable for a portable 
mass spectrometer system have pumping speeds of 1-5 
1/ s and throughputs at low power consumption of up to 
about 10-‘ Torr l/s. The limited pumping capacity 
available means that ionization methods such as chemi 
cal ionization (CI) (not necessarily true in the case of the 
Finnigan Ion trap however), and atmospheric pressure 
ionization (API), both of which introduce large gas 
loads, would not be feasible for a man-portable mass 
spectrometer system. Commercially available systems 
would therefore not be practical for the portable field 
alarm detector. 

SUMMARY OF THE INVENTION 

.The present invention provides a new means for pro 
ducing gas phase ions for subsequent analysis by mass 
spectrometry or other methods. This new source of ions 
is extremely simple to construction, very inexpensive to 
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produce, and is inherenty rugged. This invention is 
based upon the fact that many materials have ionic 
species naturally present in substantial concentrations 
on their surfaces. When neutral molecules are caused to 
collide with such surfaces, they may form complexes on 
the surface with the previously existing ionic species. At 
appropriate temperatures, the complex between these 
ionic species and the neutral molecule will evaporate 
from the surface as a gas phase ionic complex. For 
example, molecules of acetone, which have a molecular 
formula of C 31-160, colliding with a surface containing a 
high concentration of potassium cations, K+, are con 
verted into ions with the formula C3H6OK+, and 
would appear in the mass spectrum at a mass equal to 
the sum of the molecular weight of acetone (58) and the 
atomic weight of potassium (39), that is 58+<—-==97. 
The present invention is particularly suited as an ion 

source for a mass-portable ?eld alarm system. The 
alarm system incorporating the present invention can be 
referred to as a surface ionization mass spectrometer/ 
mass spectrometer or SIMS/S. Further work has been 
shown that‘ organic alkali complexes produced by the 
surface ionization source produce only an alkali ion 
when they undergo either collision induced dissociation 
or surface induced dissociation. As a result, there is no 
characteristic spectra produced for the second mass 
analyser to scan. 

i.e: [DIMP + KF’WDIM; + K'*' (notf:li)agnostically neut use 

NOT: {mm + KF'WDIMP + fragments + K W 
neu 

The simple surface ionization source of the invention 
has been constructed and tested. The source comprising 
the following parts: 
A surface ionization element, which is, for example, a 

piece of 0.005 inch diameter irridium wire bent into the 
shape of a hair pin. A small bead of potassium or sodium 
glass is supported at the bend in the hair pin. The tem 
perature of the glass bead is controlled by varying an 
electrical current passed through the irridium wire. 
A source body or housing which serves to con?ne the 

sample molecules in the vicinity of the surface ioniza 
tion element. 
An ion drawout plate, which provides a means of 

conveying the ions formed on the surface ionization 
element to the mass spectrometer. 
An insulating ceramic ring which allows a difference 

in electrical potential to be maintained between the 
source housing and the ion drawout or extraction plate. 
A focus electrode can also be provided to produce 
appropriate electrical ?elds for focusing the resulting 
ion flux into a nearly parallel beam. 
The inventive source has been tested with ketones, 

aromatic hydrocarbons, alkylphosphonates and ole?ns. 
In all cases the only ion formed is the complex between 
the neutral molecule and the potassium ion. 

It has been well known for many years that certain 
substances are spontaneously converted into ions upon 
hitting a hot ?lament in a vacuum. For example, if a 
beam of neutral potassium atoms strikes a hot ?lament 
of tungsten, iridium, or other metal with high work 
function, a signi?cant portion of the incident atoms are 
converted to positive ions. This phenomenon has been 
termed surface ionization. 
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4 
In contrast to earlier surface ionization devices, how 

ever, the present inventions converts incident neutral 
molecules into ions through a complexation with ions 
previously existing on the surface of the ionization ele 
ment. The ionic species formed is not simply the inci‘ 
dent particle with one electron removed. It is therefore 
a qualitatively different process from the earlier surface 
ionization method, and has a much broader range of 
applicability, since it is expected to be capable of pro. 
ducing molecular complex type ions from almost all 
chemical compounds. 
The examples produced to date of the surface ioniza 

tion element consists of various glasses which are 
heated by means of passing an electrical current 
through their supporting ?lament structure. These are 
only specific examples of possible surface ionization 
elements. Any material which can have ionic species 
present on its surface can be used in principle as a sur 
face ionization element in this invention. The material is 
not limited to glasses but could be materials such as 
polycrystalline ceramics, metal alloys, or even appro 
priate high temperature stable polymers. Any appropri 
ate means may be used to control the temperature of the 
surface ionization element. The temperature at which 
the maximum yield of ions is obtained from a particular 
molecule can be expected to vary with the composition 
of the surface ionization element. 

It is not intended to limit this invention to the produc 
tion of ions for mass spectrometry. In this specific appli 
cation the ions are separated according to their mass in 
a mass spectrometer which is used as a means of charac 
terizing the sample molecules. Other methods for de 
tecting the ions formed by this invention need not em 
ploy any form of mass analysis. The ion current might 
be detected with a simple electrometer circuit, or spe 
ci?c ions might be detected by other means, such as 
laser induced fluorescence. ' 
Accordingly an object of the present invention is to 

provide a surface ionization source which comprises a 
surface ionization element made at least partly of a 
material which has ionic species present on its surface, 
temperature control means connected to the surface 
ionization element for controlling the temperature 
thereof to produce high yields of ions of particles of a 
target molecule which strikes the surface, a source 
housing de?ning a space at least partly surrounding the 
element for con?ning ions therein, the housing having a 
vacuum port for drawing a vacuum from the port, an 
ion extraction plate engaged with the housing for clos 
ing the space, the extraction plate having an ori?ce 
through which a stream of ions can pass and insulating 
means between the housing and the extraction plate for 
electrical insulation therebetween. 
A further object of the invention is to provide a sur 

face ionization source which is simple in design, rugged 
in construction and economical to manufacture. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention, its operat 
ing advantages and speci?c objects attained by its uses, 
reference is made to the accompanying drawings and 
descriptive matter in which a preferred embodiment of 
the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
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FIG. 1 is a sectional view showing the surface ioniza 
tion source of the present invention; 
FIG. 2 is a greatly enlarged partial sectional view of 

an ionization element used in accordance with the in 
vention, illustrating the operating principle of the in 
vention; 
FIG. 3 is a block diagram showing the use of the 

inventive ionization source in a dual mass spectrometer 
arrangement; 
FIG. 4 is a graph showing concentration of a known 

chemical agent (DIMP) plotted against ion counts gen 
erated by the ion source of the present invention and 
also another ion source which was used in determining 
the advantages of the present invention; 
FIG. 5 is a graph showing the DIMP quasi-molecular 

ion spectrum obtained using a laboratory size MS/MS 
system; and 
FIG. 6 is a graph showing the sensitivity of a surface 

ionization source as shown in FIG. 2 where a sodium 
glass bead is used for half mustard. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings in particular, the invention 
embodied in FIG. 1 comprises an active surface ioniza 
tion source generally designated 50. Such a source can 
be useful in a mass spectrometer arrangement as shown 
in FIG. 3. ' 

FIG. 3 shows the general concept of a proposed 
chemical alarm system based on the inventive ionization 
mass source and a mass spectrometry. The ionization 
source 50 converts the molecules of chemicals present 
in the air into ions. These ions are separated according 
to their mass by the ?rst mass spectrometer 60, labeled 
MS(1). A particular mass-selected ion is transmitted to 
the next stage 62 of the device, where it is broken into 
fragments. The second mass spectrometer 70, labeled 
MS(2), separates the fragments according to their mass 
and produces a fragment ion spectrum 80 or pattern 
characteristic of the original molecule. Thus, MS(1) 
separates the various chemicals entering the device 
after they are converted into molecular ions; ion frag 
mentation and MS(2) characterize and identify individ 
ual chemicals. For highly speci?c detection of a partic 
ular compound, ions of the correct molecular weight 
are fragmented, and MS(2) is set to monitor a chemi 
cally characteristic fragment of that compound. This 
works ?ne for El and F1 but not with this source. 
As shown in FIG. 2, gas phase molecules of the target 

agent simulants GA impinge upon the surface of potas 
sium glass bead 18, that is rich in alkali cations, shown 
as K+. On the surface, complexes form between these 
cations and the neutral molecules. These complexes are 
subsequently desorbed from the high-temperature 
(800‘-l000' C.) surface. 
As shown in FIG. 1, the active surface ionization 

element 10 has a l-mm-diameter bead 18 of alkali metal 
glass located at the bend in a hairpin 16 of 0.005-inch 
diameter iridium wire. When this bead is heated by 
passing an electrical current through the wire, large 
quantities of alkali metal ions evolve. These ions are 
removed from the interior of the ion source by the 
drawout plate 24 and focused by a focuselectrode or 
plate 28 for subsequent analysis by MS(1). When vapors 
of various chemical compounds are introduced into the 
ion source, additional ions are seen at the masses corre 
sponding to complexes'between the alkali cation and 
the neutral molecule. Housing 20 and plates 24, 28 are 
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6 
biased by electrical biasing control 40 to form an ion 
beam on a beam axis passing through openings 26 and 
30, and to focus that beam. 
FIG. 4 shows the sensitivity of a potassium glass 

surface ionization source for DIMP. FIG. 4 also shows 
four points (triangles) corresponding to the detection of 
DIMP by a volcano-style ?eld ionization source (not 
shown). At concentrations above 1.0 ppln, the ?eld 
ionization source rapidly loses sensitivity. In contrast, 
the surface ionization source is linear in response over 
three orders of magnitude of DIMP concentration. The 
lower limit of detection in this case is determined by the 
range of the device used for generating known concen 
trations of DIMP vapor in air. FIG. 5 shows the quality 
of the DIMP quasirnolecular ion spectrum obtained 
using the large laboratory version of the MS/MS sys 
tem operating with the quadrupole MS(1) set to trans 
mit all ions. The excellent signal-to-noise and good mass 
resolution show that the DIMP spectrum could easily 
be detected at much lower DIMP concentration in air. 
The exact mode of formation of the complexes be 

tween the alkali metal ions and neutral molecules as 
shown in FIG. 2 is not well established. To obtain addi 
tional information about this mechanism, a glass bead 
ionizer (not shown) was constructed in which a minia 
ture thermocouple was spot welded to the irridium wire 
hairpin 16 at exactly the point at which the alkali metal i‘ 
glass bead 18 was attached. This arrangement allowed 
the inventors to monitor the ion current as a function of 
the temperature. Plotting the natural logarithm of the 
ion signal versus one over the absolute temperature of 
the bead allowed the inventors to obtain, in the usual 
way, the activation enthalpy for the formation of the 
ionic species observed. For a sodium glass, which pro 
duces Na+ ions, the activation enthalpy was between 
81 and 85 kcal/mole. This was true for the production 
of the sodium ion alone or the sodium ion complex with 
either benzofuran or bis-Z-chloroethyl ether. Because 
the activation energies are so similar, it was impossible 
to distinguish between the process that forms the alkali 
metal complex ion on the surface and one in which the 
alkali metal complex ion forms in the gas phase. 
Some compounds however clearly do react on the 

surface of the glass bead. The major product ion ob 
served when adding benzylchloride to the ion source 
was at m/z 91, corresponding to the benzyl cation. 
Apparently a chloride is extracted from the benzylchlo 
ride to produce this benzyl cation. The activation en~ 
thalpy we observed for the overall process for forming 
m/z 91 was about 48 kcal/mole. Similarly when we 
added chloroethylethyl sul?de (half mustard) to the 
sodium glass bead ion source, the only product ion we 
observed was at m/z 89, again corresponding to ab 
straction of a chloride from the molecule. We measured 
the activation enthalpy for this process at approxi 
mately 50 kal/mole, substantially different from that for 
the formation of the sodium cation and its complexes. 
The formation of these chloride extraction ions must 
therefore be occurring on the surface of the hot glass 
bead. 
FIG. 6 shows the sensitivity of detection of a sodium 

glass bead surface ionization source for half mustard 
when the chloride abstraction product ion was moni 
tored at m/z 89. Air saturated with half mustard vapor 
was injected into an exponential dilution ?ask to pro 
duce an initial concentration of half mustard of 2.5 ppm. 
A flow of 1 L/min of clean air through the bulb this 
?ask produced an exponential dilution of the half mus 
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tard vapor in the air exiting the bulb and blowing over 
the air inlet system of the laboratory MS/MS system. 
The quadrupole MS(1) (FIG. 3) was operated in the 
rf-only mode to allow transmission of all ions, and 
MS(2) was set to monitor the product ion at m/z 89. 
The response of the ion source and mass spectrometer 
system was linear in half mustard concentration over 
almost four orders of magnitude. At half mustard con 
centrations below 1 ppb, the inventors observed sub 
stantial tailing of the decay curve, caused by adsorption 
of the half mustard on the surfaces of the vapor genera 
tion apparatus. 
The alkali metal glass surface ionization source has 

been sufficiently tested at this point to demonstrate that 
it is a viable alternative to ?eld ionization for use in a 
portable mass spectrometer system. 

It is noted that thermonic emitters consisting of al 
kali-doped glasses have been used recently for chemical 
ionization of organic samples. See B. Ackerman et al., 
Proc. 31st Annual Conference on Mass Spectrometry 
and Allied Topics, Boston, May 1983; pp. 600-601; and 
D. Bombick, J. D. Pinkston, J. Allison, Anal. Chem. 
1984, 56, 396-402. Source pressures in the range of 20 to 
700 millitorr are typical, requiring an instrument with 
differential pumping. It is possible to obtain reasonable 
ion signals at lower sample pressures with the bead 
functioning as a surface ionization source. 
An organic-alkali surface ionization source like the 

one shown in FIG. 1 has been constructed and evalu 
ated using an alkali glass bead of the type RzO:AlzO3: 
SiOz in a 1:12 molar ratio mounted on the irridium 
heater wire with the bead centered on the ion axis. Mass 
analysis was done on the MS/MS previously described. 
Vapors of the samples in air or N; were introduced into 
the source through a membrane separator kept at 100' 
C. or directly by means of a variable leak at port 22. 
Source pressures varied from 8X 10-7 torr to 8X10-3 
torr. When the glass bead was heated to 800' to 1000' C. 
by temperature control 14, organic-alkali ions of the 
formula [M+X]+ were seen in addition to large cur 
rents of the alkali itself, where X=Li, Na, K, Rb, or Cs. 
At higher temperatures, the intensity of the organic 
alkali complex dropped sharply while the alkali ion 
intensity increased further, indicating a surface effect 
rather than chemical ionization. This drop in ion cur 
rent at higher temperatures has also been observed for 
surface ionization of simple organics on hot metal wires. 
However, if an irridium wire without a bead is used, no 
ions are seen unless it is heated sufficiently to emit elec 
trons, resulting in an El spectrum. 

Polar or polarizable compounds seem to complex 
most easily with the order: ketones, ethers, alcohols> 
alkenes>simple aromatics>alkanes. The order for 
complexing with simple aromatics and alkanes was 
observed to be Li>Na>K> Rb. For more polar com 
pounds, Na and K glasses work well; pyrex glass also 
works, giving predominantly Na ion adducts. 
Some compounds, such as Z-chloro ethyl-ethyl sul 

?de and benzyl chloride undergo abstraction to form 
ions with no addition of alkali. Benzyl alcohol produces 
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8 
both a [M+Na]+ at m/z 131 and a loss of OH to pro 
duce m/z 91. CID with argon on m/z 131 produces 
only m/z 23 (Na), while CID on m/z 91 results in a 
fragmentation spectrum similar to toluene. Most 
[M+Na]+ or [M+K]+ yield only Na+ or K''' with 
CID, hence this technique is not useful for MS/Ms. For 
one series of experiments, note above, the sodium glass 
bead with a thermocouple imbedded in the glass was 
used to directly read the bead temperature. With this 
technique it is possible to determine the heat of forma 
tion for alkali ions and alkali-orqanic complexes by 
using the Arrhenius equation: 

tie-TIT) 
where T is the temperature in °K, R equals 1.987 cal 
mol- 1, and k is the ion count rate. Table 1 lists the heats 
of formation for several ions obtained in this manner. 
While a speci?c embodiment of the invention has 

been shown and described in detail to illustrate the 
application of the principles of the invention, it will be 
understood that the invention may be embodied other 
wise without departing from such principles. 
What is claimed is: 
1. A surface ionization source comprising: 
a source housing de?ning an ion space; 
a support wire extending into said space; 
temperature control means connected to said wire for 

heating said wire; 
an alkali metal glass bead connected to said wire to be 

heated to form ions of molecules in said space; 
an ion extraction plate engaged to said housing and 

insulated from said housing, said extraction plate 
closing said space and having a beam ori?ce 
therein for the passage therethrough of an ion beam 
from said space; and 

biasing means connected to said housing and said 
extraction plate for forming a beam on a beam axis 
extending through said ori?ce. 

2. A surface ionization source according to claim 1 
wherein said glass bead includes one of sodium or potas 
sium. 

3. A surface ionization source according to claim 1 
including a focusing plate engaged over said extraction 
plate and having an aperture therein lying on said beam 
axis, said focusing plate being connected to said biasing 
means for focusing the beam of ions on said beam axis. 

4. A surface ionization source according to claim 3 
wherein said glass bead includes one of sodium or potas 
sum. 

5. A surface ionization source according to claim 4 
including an insulating ceramic ring engaged to said 
housing and extending around said surface, said ring 
being engaged against said extraction plate for closing 
said surface and for insulating said extraction plate from 
said housing. 
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